Updated information and services can be found at: A method with the combined advantages of soil particle washing, selective inhibitors, and an indicator substrate was developed to isolate saprophytic basidiomycetes from soil. Organic particles were washed from soil and plated on a medium containing lignin, guaiacol, and benomyl, which reduced mold growth and allowed detection of basidiomycetes producing laccase or peroxidase. The 64 soil samples yielded 67 basidiomycete isolates, representing 51 groups on the basis of morphology and physiology. This method should facilitate investigations into the biodiversity of soil basidiomycetes and yield organisms that are useful in bioremediation of soils contaminated with pesticides or other recalcitrant aromatic compounds.
Turnover of the plant residue fraction of soil organic matter plays a dominant role in global carbon cycling and is fundamental to soil structure and fertility. Saprophytic basidiomycetes are likely to be the dominant recyclers of plant wastes in soil since they are the main producers of lignin-modifying enzymes: lignin and manganese peroxidases and laccases (39) . Degradation of the lignin component of organic matter is the rate-limiting step for rapid and efficient decomposition of the associated cellulose. Knowledge of the physiology of lignin degradation by basidiomycetes is limited to a few wood-inhabiting species such as Phanerochaete chrysosporium and Trametes versicolor (9) . These species are not known to be important members of the soil community, and little is known about which soil fungi are important in lignin degradation.
Estimates of the presence and diversity of soil-inhabiting basidiomycetes are usually based on surveys of their fruiting bodies, which are of ephemeral and irregular occurrence. In temperate areas, several hundred to several thousand species of mushrooms and related basidiomycetes can be found fruiting on field or forest soils (15, 24) . Despite this known diversity, only seven species of basidiomycetes are listed in a recent worldwide compendium of fungi isolated from soil (18) and few others have been reported in the literature (44, 45, 49, (52) (53) (54) (55) (56) (57) . In 1949, Chesters (14) labeled the basidiomycetes the "missing link" in soil mycology and this statement is still largely true today.
Evolution of the technique. Saprophytic basidiomycetes have rarely been isolated from soil by the soil dilution method because ascomycetous and zygomycetous molds produce abundant asexual spores in soil that greatly outnumber the reproductive propagules of basidiomycetes and they typically outgrow saprophytic basidiomycetes on culture media (6, 14, 20, 50) . Because of this, Warcup (51) developed a technique for isolating fungi from vegetative hyphae present in soil by careful manipulation and plating of hyphae observed under a high-power dissecting microscope. Although Warcup and Warcup and Talbot (52-56) isolated a number of saprophytic basidiomycetes from soil using this method, it has not come into widespread use because of its painstaking nature. The soil plate method (48) , in which 5 to 15 mg of soil is spread in petri dishes before being cooled and molten agar is added, has been used with success for isolation of some soil basidiomycetes (44, 45, 49) . Basidiomycete isolates must be distinguished among the variety of ascomycetes and zygomycetes which are also recovered by this method.
Plant debris in soil serves as the major reservoir of saprophytes and facultative pathogens with saprophytic phases, including basidiomycetes (13, 22, 34) . Chesters (13) developed a complex apparatus for aseptically washing plant debris particles from soil, and Boosalis and Scharen (10) used this method to selectively isolate the basidiomycete plant pathogen Rhizoctonia solani (Thanatephorus cucumeris) from infested soil. Particle washing has since become a standard technique of soil mycologists (2, 7, 20, 21) . A modification of this technique was used for the analysis of fungal biodiversity in samples of tropical leaf litter and produced an exceptional yield of 78 to 134 fungal species per litter sample (4). However, with the exception of Rhizoctonia solani, the fungi reported to have been recovered by the particle-washing technique on nonselective media have included ascomycetes and zygomycetes, but not basidiomycetes. The selective, indicator medium used in this study not only enabled the isolation of basidiomycetes but also allowed the use of a much simpler washing apparatus than those described by other investigators (2, 4, 7, 13, 21, 37) .
Selective isolation media primarily rely on selective inhibitors of nontarget organisms and complex or chromogenic substrates catabolized specifically by the target organisms (29, 41) . Benomyl is a semiselective fungicide to which many basidiomycetes show some degree of tolerance, whereas most ascomycetes, except members of the Pleosporales, are sensitive (8, 19) . It has been used in media for the selective isolation of basidiomycetes from soil (17, 58) , leaf litter (60), mycorrhizal plant roots (23) , and decaying wood (26, 59) . Guaiacol, a chromogenic substrate of laccase and peroxidase, was used in a medium also containing lignin in a survey for laccase-producing fungi in Indian soils (1) . This survey used the soil dilution-plating method and recovered 12 laccase-positive isolates, including 2 basidiomycetes, from 150 soil samples (1). Nishida et al. (35) also used guaiacol as an indicator in an agar medium containing fine particles of beech wood for the isolation of basidiomycetes from wood.
We have taken advantage of the particle-washing technique (2, 4, 7, 13, 21, 37) to remove spores of ascomycetous and zygomycetous molds, and we plated the washed particles on a medium made selective for basidiomycetes by the incorporation of benomyl (8, 17, 19, 23, 26, (58) (59) (60) . In addition to benomyl, the medium contained lignin, to encourage selection of ligninolytic fungi, and guaiacol, which acts as a colorimetric indicator of the lignin-modifying enzymes laccase or peroxidases ( . Basal medium was autoclaved in flasks with magnetic stir bars and cooled to approximately 55ЊC, when the following were added aseptically: 5 ml of 1 M KOH; 0.4 ml of guaiacol; 1.0 g of indulin AT (alkali lignin; Sigma), which was suspended and partially dissolved in 10 ml of dioxane; 60 mg of chlortetracycline-HCl; 30 mg of streptomycin sulfate; 30 mg of penicillin G (Na salt); 4 mg of benomyl (as Benlate 50 WP; DuPont, Wilmington, Del.) in 2 ml of 1:1 acetone-70% ethanol (to yield 2 g ml Ϫ1 ). The medium was stirred and poured into sterile 100-mm-diameter petri dishes.
Malt-yeast agar (5 g of malt extract, 1 g of yeast extract, and 15 g of agar per liter of distilled water) with 60 g ml Ϫ1 of chlortetracycline-HCl, 30 g ml Ϫ1 of streptomycin sulfate, and 30 g ml Ϫ1 of penicillin G was used for the first subculture of chosen isolates before transfer to media without these antibacterial antibiotics.
Soil particle washing and plating. Soil samples were collected from 11 habitat types and agricultural treatments in the Kellogg Biological Station Long-Term Ecological Research site in Kalamazoo County, Michigan (Table 1 ). Three to four replicate plots of each habitat were sampled from one to three times (June and July 1993 and April 1994). Soil cores of 2.5-cm diameter were taken to 25-cm depth after the litter layer was removed. Samples for each plot were pooled from four or more cores per plot. Samples were stored at 4ЊC until processing, in most cases within 2 days. Approximately 5 g fresh weight (2.5 to 4.5 g dry weight) of each soil sample was added to 500 ml of sterile 0.1% (wt/vol) sodium pyrophosphate in 1-liter mason jars. These were gently shaken end-to-end on a platform shaker for 1 h at 4ЊC to disperse soil clumps and colloids (5) . The entire suspension was poured through stacked 20-cmdiameter soil sieves (Newark wire cloth) of 250 m (no. 60) and 53 m (no. 270) mesh and rinsed through with a brief shower of cold tap water. Particles remaining on the 53-mmesh sieve were then washed for 5 min under this shower at a flow rate of approximately 20 liters/min. Remaining solids were collected at one edge of the sieve, and the sieve was tilted to separate suspended organic particles from settled mineral particles. One milliliter of a dense suspension of the organic particles was picked up in a sterile broad-bore pipette tip (Gilson P-1000). This suspension was diluted in sterile distilled water to 10 Ϫ2 , and 0.4 ml of this dilution was spread onto each of 20 petri dishes of lignin-guaiacol-benomyl agar. Sieves were rinsed with water and sterilized in 70% ethanol between samples. Tap water controls from the washed, sterilized 53-m sieve yielded no fungal or bacterial isolates on either lignin-guaiacol-benomyl agar or malt-yeast agar with antibiotics.
Isolation and identification of basidiomycetes. Microscopic observation of washed soil particles revealed fragments of plant debris colonized by fungal hyphae as well as hyphae free from debris (Fig. 1) . Although these particles were plated at a high density (ca. 25 cm Ϫ2 ), few colonies grew on the ligninguaiacol-benomyl agar. After 1 day, the petri dishes were packed in their plastic sleeves and incubated at room temperature for 2 weeks before making isolations. At this time, plates were scanned for colonies that caused reddening of the guaiacol by the action of laccase or peroxidase (Fig. 2) . These colonies were examined microscopically (at ϫ40 and ϫ100) for the presence of conidia or clamp connections. Plates were screened again after 4 and 6 weeks. At each screening, colonies of putative basidiomycetes were isolated onto malt-yeast agar containing antibiotics. A total of 111 such fungi were selected and isolated from 64 soil samples.
In order to identify putatively basidiomycete isolates, induction of fruiting bodies on various mushroom media was attempted (43) . In the absence of identifiable sexual fruiting bodies or asexual spores, cultures were considered to be basidiomycetes if they showed clamp connections at septa ( Fig.  1b ; diagnostic for basidiomycetes if present, but absent in many groups of them) or positive staining with diazonium blue B (ZnCl 2 complex of tetrazotized o-dianisidine; Sigma) (25, 46) . Only 22 of the 111 isolates selected provided definite evidence of basidiomycete identity; 13 isolates possessed clamp connections, and 9 others produced basidiomycete fruiting bodies. However, these and an additional 45 isolates gave positive, red to purple reactions to diazonium blue B following pretreatment of their mycelia with 1 M KOH and were identified as basidiomycetes on that basis (46) . The remaining 44 isolates were identified as ascomycetes by their production of identifiable asexual spores (conidia) or by negative staining with diazonium blue B.
Fruiting bodies were produced in vitro by species of Clitopilus (Entolomataceae) and Coprinus (Coprinaceae) of the Agaricales, Irpex (Steccherinaceae) of the Hericiales, and Ceratobasidium (Ceratobasidiaceae) of the Tulasnellales. Of these, Clitopilus (?) scyphoides was isolated from five different sites, including old field succession, never-tilled meadow, and hardwood and coniferous forests. A polypore tentatively identified as Irpex lacteus was isolated from old field succession and hardwood forest. A species of Armillaria, identified by its production of rhizomorphs in culture, was isolated from a conventionally tilled corn-soybean rotation plot.
Diversity and distribution. The 67 basidiomycete isolates were recovered from 40 of the 64 soil samples and from 8 of the 11 habitats and 17 of the 35 plots sampled (Table 1) . Fifty-one macromorphological, micromorphological, and physiological characters of the isolates in culture (36) were used for numerical taxonomic analyses of the isolates, using NTSYS-PC VOL. 62, 1996 NOTES 4289 (40) , and to derive keys to morphologically recognizable groups of isolates, using INTKEY (38) and DELTA (16) . This analysis sorted the 67 isolates into 7 major groups and 51 recognizable taxa (data not shown). These could not be identified using traditional taxonomic characters. Available keys for the identification of lignin-degrading basidiomycete cultures (33, 36, 42) include only a small proportion of the species occurring on wood and almost none that inhabit soil. Therefore, we were unable to identify most of the 51 morphotaxa found in our study since we lacked matching reference strains of known identity. We are obtaining genes coding for rRNA (rDNA) nucleotide sequence data from the 5Ј end of the large subunit nuclear rDNA by which these unknown isolates may be placed in a phylogeny built with sequences from known strains (unpublished data). This method has been used for the identification and phylogenetic analysis of the morphologically undistinguished fungal symbionts of attine ants (12, 27) . Forty-three morphotypes were represented by only one isolate each. This indicates both the inadequacy of our sampling and the potential existence of a great diversity of ligninolytic basidiomycetes in these soils. The total sampling effort for 35 plots in 11 habitats was just 320 g of soil; more samples would undoubtedly yield more isolates and greater diversity. A range of zero to nine morphologically distinct isolates was obtained from individual sample plots, and from zero to 17 morphologically distinct isolates were found in different habitat types. Greatest diversity was found in the old field succession and no-till corn-soybean plots. No basidiomycetes were found in the low-input and zero-input corn-soybean-wheat or perennial alfalfa plots, and only one was found in the old field plots. However, these plots were sampled less frequently than the others. Better estimates of the yield and diversity of basidiomycetes in these soils must await more systematic sampling of plots and identification of the isolates using molecular means. The 67 isolates recovered undoubtedly do not represent the full diversity present in these soils, but they represent an improvement on the two basidiomycetes recovered from 150 soil samples by Arora and Sandhu (1). Our method is fast and technically unchallenging, is not dependent on discovery of basidiomycete fruiting bodies, and produces more basidiomycete isolates than any previous method or study reported.
Some saprophytic soil basidiomycetes may not be recovered by the method described here. Warcup (49) collected soil beneath fruiting bodies of some soil basidiomycetes, such as Agaricus arvensis (Psalliota arvensis), Lepista nuda (Tricholoma nudum), and Marasmius oreades, and found that they will grow out from undisturbed soil blocks or in soil plates. During this This species could not be recovered from washed particles plated on lignin-guaiacol-benomyl agar but was isolated from hyphae growing out of small soil crumbs sprinkled on water agar. Thus, it seems that the particle-washing technique should be combined with other methods such as the soil plate method (48) or the soil crumb or sprinkle plate methods (3, 47) for a more complete estimate of the diversity of saprophytic basidiomycetes. Isolations made at temperatures other than room temperature (e.g., 5 and 37ЊC) may also increase the diversity of fungi isolated (11) . Isolations made at 5ЊC have been used to obtain basidiomycetes from litter in Finland (28) .
No attempt was made to isolate ectomycorrhizal basidiomycetes, which are present in the poplar, conifer, and hardwood forest sites at the Kellogg Biological Station. Most ectomycorrhizal fungi do not give positive reactions for laccase or peroxidase (30) and thus would not have been chosen for isolation even if they were capable of growth on lignin-guaiacol-benomyl agar. These fungi are more simply isolated from washed mycorrhizal roots (23) . Isolation of these more fastidious fungi from soil might require the use of a specialized medium for mycorrhizal fungi (31) modified with benomyl and dichloran (59) . Washed particles containing hyphae and sclerotia of ectomycorrhizal fungi or basidiospores recovered from soil by sucrose-gradient centrifugation (32) could be used as inoculum.
